Retrograde venous perfusion with hypothermic saline and adenosine for protection of the ischemic spinal cord  by Parrino, Patrick E. et al.
Spinal cord injury at the time of thoracoabdom-
inal aneurysm repair may occur in as many as 21% of
patients, and in certain high-risk populations, the
incidence of neurological impairment may be as high
as 40%.1,2 Injury, with resultant paraplegia, is most
likely to occur in repairs of the peridiaphragmatic
aorta, from which critical spinal cord vessels often
arise. Attempts to decrease the incidence of spinal
cord injury have focused on two areas: protection of
the cord during the ischemic interval and reestab-
lishment of blood flow to the cord as part of the
repair.3
Numerous methods, both pharmacological and
mechanical, have been used in attempts to protect
the spinal cord. The most consistently effective
approaches have been those that cool the threatened
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Purpose: Spinal cord injury and the resultant postoperative paraplegia are devastating
complications of thoracic aortic surgery, for which no widely accepted protective inter-
ventions exist. We hypothesized that retrograde venous perfusion-cooling of the spinal
cord with a hypothermic saline and adenosine solution would protect it from ischemic
injury caused by thoracic aortic occlusion.
Methods: Adult domestic swine of either sex (weight range, 20 to 30 kg) were intubated
and ventilated. A left thoracotomy was performed. The accessory hemiazygous vein was
divided, and a catheter was inserted distally. The aorta was clamped at the left subcla-
vian artery. The venous catheter was not used in the animals in the control group (n =
7); in the animals in the experimental group (n = 7), a cold (4°C) saline and adenosine
solution was infused into the accessory hemiazygous vein. After 30 minutes, the clamp
and catheter were removed, and the chest was closed. A blinded observer evaluated the
animals’ hind-leg motor activity 24 hours later. The Tarlov scale was used: 0, complete
paralysis; 1, minimal movement; 2, stands with assistance; 3, stands alone; 4, weak walk;
5, normal gait. The animals’ rectal temperatures were measured at the end of the exper-
iment, and blood pressure was measured throughout. Two other groups were studied to
assess the effect of the intervention on spinal cord temperature.
Results: The animals in the control group had a mean Tarlov score of 1.7 ± 0.6; the
animals in the experimental group had a mean Tarlov score of 4.9 ± 0.1 (P < .01). The
animals in the experimental group had a significantly greater drop in spinal cord tem-
perature than those in the control group (4.05 ± 0.6°C vs 0.58 ± 0.12°C; P < .01). No
significant difference in rectal temperatures was found, nor did any arrhythmias or
hypotensive episodes occur in either group. Perfusion of the spinal cord was confirmed
with angiography by using this approach.
Conclusion: Retrograde venous perfusion-cooling of the spinal cord with a hypothermic
saline and adenosine solution protects the cord from ischemic injury caused by clamping
of the thoracic aorta. (J Vasc Surg 2000;32:171-8.)
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segment of cord. Spinal cord cooling has been
obtained through the use of partial or total car-
diopulmonary bypass, injection of cold solutions
into an isolated segment of aorta, and perfusion of
paraspinal spaces with cold solutions.4-9 Although
many of these techniques have been effective at pro-
tecting the spinal cord, each is associated with sig-
nificant risks and complications inherent to their
clinical use. None have been so successful as to
become a standard of care. A reliable and safe
method of spinal cord protection is needed to offer
these patients surgery without the risk of lifetime
functional impairment.
We sought to develop a protective technique that
was effective, easy to use, and had a minimum of
associated risks. A previous report from our institu-
tion with a small animal model demonstrated that
the ischemic spinal cord could be protected by using
retrograde venous perfusion-cooling with an adeno-
sine-enhanced crystalloid solution.10 In this experi-
ment, we applied those encouraging results to a
large animal model that is analogous to clinical prac-
tice and offers more direct correlation to actual
operative circumstance.
METHODS
All protocols were reviewed and approved by the
Animal Review Committee of the University of
Virginia. All animals received humane care in com-
pliance with the “Guide for the Care and Use of
Laboratory Animals,” as described by the Institute of
Laboratory Animal Resources, Commission on Life
Sciences, National Research Council (Washington:
National Academy Press; 1996).
Preparation of experimental animals. Swine
(average weight, 24 kg) were anesthetized with an
intramuscular injection of telazol (6 mg/kg),
xylazine (1 mg/kg), and atropine (0.4 mg/kg).
Once the animals were sedated, an ear vein catheter
was placed to administer drugs and intravenous flu-
ids. The animals were then intubated and ventilated
(Harvard Apparatus Ventilator Model 607, Mills,
Mass) with a mixture of 98.5% oxygen and 1.5%
isoflurane at a rate of 14 breaths per minute and a
tidal volume of approximately 250 mL. The swine
were placed right side down on the operating table,
and their left chest was prepared and draped in the
standard fashion. All animals were maintained on a
heating pad set at 38°C. The fourth interspace was
entered, and the ribs were distracted. The lung was
reflected anteriorly and inferiorly, exposing the aor-
tic arch and descending aorta. The origin of the left
subclavian artery was identified, and the aorta just
distal to it was encircled with a vessel loop. The
accessory hemiazygous vein was identified as it
coursed posterior and superior to the left pulmonary
hilum. Two silk sutures were placed around the
accessory hemiazygous vein as it passed over the left
pulmonary artery. The vein was doubly ligated and
divided between the ties, and an 18-gauge catheter
was introduced into the distal vein. Attention was
then turned to the aortic arch. A 3-0 monofilament
suture was used to place a purse string in the aorta
well proximal to the origin of the left subclavian
artery. A 20-gauge catheter was placed through the
center of the purse string and connected to saline-
filled pressure tubing and a transducer for continu-
ous monitoring of arterial blood pressure. A mer-
cury thermometer was placed in the animal’s rectum
for measurement of temperature change during the
experiment.
Experimental protocol. We studied two groups
of seven animals. All animals were given intravenous
heparin (200 units/kg), furosemide (10 mg), and
mannitol (12.5 g) 5 minutes before the application
of the crossclamp. All animals were prepared exactly
as described earlier. In animals in both groups, an
atraumatic vascular clamp was applied to the aorta
just distal to the origin of the left subclavian artery.
The clamp was closed and totally occluded the aorta.
In animals in both groups, this clamp was allowed to
remain in place for 30 minutes before removal. In
animals in the control group, the venous catheter
was not used. In the experimental group, a cold
solution (4°C) of normal saline and adenosine (0.74
mg/mL, Sigma Chemical, St. Louis, Mo) was
infused at a continuous rate of 16.65 mL/min into
the accessory hemiazygous vein (IVAC Signature
Edition System 2 Infusion Pump, Alaris Medical
Systems, San Diego, Calif). This infusion was begun
at the same time the aortic crossclamp was applied,
and it was stopped 30 minutes later when the cross-
clamp was removed. Animals in both groups
received 1 mEq/kg of sodium bicarbonate immedi-
ately after release of the clamp. When the aortic
clamp was removed, the venous catheter was
removed, and the veinotomy was excluded by using
a second 2-0 silk ligature on the distal vein. The
chest was then closed with standard techniques. A
chest tube was not used. The animals were awakened
and allowed to recover for 24 hours, with food and
water provided ad libitum. Animals that appeared
distressed were treated with 0.15 mg of buprenor-
phine intramuscularly, as needed every 4 hours.
Animals in both groups required equal amounts of
narcotics, and no correlation was seen between nar-
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cotic dosing and outcome. The need for buprenor-
phine seemed related to postoperative pain from the
thoracotomy, rather than distress caused by paraple-
gia. After 24 hours, the animals were evaluated by a
blinded observer and graded based on the Tarlov
scale (0, complete paralysis; 1, minimal movement;
2, stands with assistance; 3, stands alone; 4, weak
walk; 5, normal gait). The animals were then killed
with an overdose intracardiac injection of sodium
pentobarbital.
Data acquisition during aortic cross-clamp-
ing. Arterial blood pressure was recorded before the
application of the arterial clamp, at the time of
clamping, and every 5 minutes thereafter. Rectal
temperature was measured before clamping and just
before the release of the crossclamp.
Measurement of spinal cord temperature.
Two other groups of three animals were prepared
and treated as described earlier. Through a small skin
incision, these animals had a fine-needle temperature
probe placed directly into the subdural space at the
lower thoracic level. The experiment was conducted
as described, and the temperature of the spinal fluid
in the subdural space was measured every 5 minutes
(YSI Precision 4000A Thermometer, Yellow Springs
Instrument, Yellow Springs, Ohio). These data were
recorded, and these animals were not included in the
24-hour assessment groups.
Measurement of cerebrospinal fluid pressure.
Two groups of two animals were prepared exactly as
described earlier. Through a small skin incision, a
subdural catheter was introduced at the lower tho-
racic level. The experiment was conducted as
described, with two animals in a control group and
two animals in a group receiving the cold adenosine
and saline infusion. The catheter was attached to a
pressure transducer, and cerebrospinal fluid pressure
was recorded before the application of the cross-
clamp, after 10 and 25 minutes of ischemia, and 10
minutes after the release of the clamp. These animals
were not included in the 24-hour assessment
groups.
Radiologic verification of regional infusion.
One animal was prepared exactly as described earli-
er. This animal was then transported to the angiog-
raphy suite, where contrast (Omnipaque, 25 mL)
was injected through the venous catheter just after
aortic clamping. Images were obtained of the animal
as the contrast was injected to demonstrate filling of
the epidural veins.
Statistical analysis. All results are expressed as
the mean plus or minus the SEM. Data were ana-
lyzed for between-group differences by using the
Student t test. The Mann-Whitney U test was used as
a means of analyzing the Tarlov score data, because
the assumption of a normal distribution was not
valid. Significance was defined as a P value less than
.05. All analyses were performed by using SPSS
Software (SPSS, Chicago, Ill).
RESULTS
The animals in the control group had a mean
Tarlov score of 1.7 ± 0.6, whereas the animals in the
experimental group had a mean Tarlov score of 4.9
± 0.1 (P < .01). This confirmed spinal cord protec-
tion in the experimental group. No significant dif-
ference existed between the mean baseline systolic
arterial pressure in the animals of the control group
versus those in the experimental group (104.1 ± 6.3
mm Hg vs 93.9 ± 7.2 mm Hg; P = .303) or the
mean systolic arterial pressure 5 minutes after release
of the crossclamp (82.2 ± 9.3 mm Hg vs 99.3 ± 8.2
mm Hg; P = .228; Fig 1). The mean rectal temper-
ature change in the control group was 0.79 ±
0.31°C; in the experimental group, the mean rectal
temperature change was 0.93 ± 0.23°C (P = .418).
No significant difference in the baseline tempera-
tures of the two groups was found. No arrhythmias
or hypotensive episodes occurred in either group.
In the two separate groups assessed for tempera-
ture change in the spinal fluid in the subdural space,
spinal fluid temperature decreased significantly in
the experimental group (4.05 ± 0.6°C) versus the
control group (0.58 ± 0.12°C; P < .01).
Two groups of two animals were assessed for
cerebrospinal fluid pressure change. Cerebrospinal
fluid pressure was elevated in the group receiving the
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Fig 1. Graph of systolic pressures of the two groups mea-
sured throughout the ischemic interval and 5 minutes
after the release of the crossclamp.
infusion when compared with the control group,
but this difference was not significant. Values before
application of the crossclamp (time 0), 10 and 25
minutes after onset of ischemia, and 10 minutes after
release of the clamp are illustrated in the Table. In
the control group, the maximal increase in cere-
brospinal fluid pressure was 7% and was seen 25
minutes after the application of the crossclamp. In
the experimental group, the cerebrospinal fluid pres-
sure increased by 86% 10 minutes after the applica-
tion of the crossclamp and initiation of the infusion.
Pressures remained stable throughout the infusion
period, and returned to within 36% of baseline 10
minutes after the removal of the clamp and discon-
tinuation of the infusion.
Digital subtraction radiographs were obtained of
an animal prepared in exactly the same fashion as the
experimental animals to demonstrate retrograde
venous perfusion of the spinal cord. Figs 2 and 3 are
venograms of the chest of the pig taken while con-
trast was injected with the aorta occluded. The aorta
was occluded just before the injection of contrast to
duplicate the conditions of the experiment. Filling of
not only the left anterior longitudinal sinus through
the vertebral veins arising from the accessory hemi-
azygous vein, but also of the right anterior longitu-
dinal sinus through transverse connecting veins is
demonstrated by means of both radiographs. The
contrast-filled sinuses extend well into the lumbar
spine. The distinctive “wavy” shape of the epidural
sinuses is seen postmortem in Fig 4. Here, the floor
of the spinal canal is revealed after the removal of the
spinal cord, and an epidural sinus can be seen on the
right side of the posterior aspects of the vertebral
bodies.
DISCUSSION
Spinal cord hypoperfusion may be an unavoid-
able consequence of thoracoabdominal aortic
surgery. Clamping of the thoracic aorta has been
shown to reduce spinal blood flow in a variety of ani-
mal models, and this effect has been documented in
humans also.11 The precise mechanisms by which
this low-flow state induces permanent injury, how-
ever, are less well understood. Ischemia of spinal
cord neuronal tissue causes a number of pathologi-
cal changes in cellular membrane function.12 These
changes can quickly lead to cell death. However,
cells that become ischemic may recover if the mem-
brane remains functional long enough for a supply
of oxygen to be returned.13
Numerous attempts have been made to identify
factors that can be modulated to reduce the inci-
dence of permanent spinal cord injury, but no single
therapeutic intervention has emerged as clearly ben-
eficial. Cooling of the spinal cord has been the most
consistently effective approach, the cooling being
obtained by means of a variety of techniques.
Although it has been nearly 50 years since it was first
reported that hypothermia reduces the neurologic
complications of aortic surgery,14 no reliable mech-
anism for induction of spinal cord hypothermia that
is effective, rapid, and safe has been identified. Four
modalities have been used most frequently, both
experimentally and clinically.
The first, whole body cooling on total cardiopul-
monary bypass, has been shown to reduce the inci-
dence of postoperative paraplegia. Problems with
dysrhythmias and increased metabolic demands after
rewarming are significant deterrents to the use of
deep hypothermia for thoracic aortic surgery.
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Fig 2. Lateral view of chest. Contrast is present in acces-
sory hemiazygous vein, vertebral veins, and epidural veins.
Cerebrospinal fluid pressure before, during, and 10
minutes after the 30-minute crossclamp period.
Control Experimental
Time group group P value
0 11.2 ± 0.2 8.4 ± 2 .393
10 minutes 11.15 ± 0.15 15.6 ± 1.6 .217
25 minutes 12 ± 1 15.2 ± 2.4 .392
40 minutes 10.9 ± 0.1 11.4 ± 0.4 .421
Results are given as the mean plus or minus SE of the mean.
Pressures are given in mm Hg.
Hypothermia has also been shown to be associated
with an increased risk of myocardial ischemia after
surgery.15 Probably the most significant problem
with deep hypothermia and total cardiopulmonary
bypass is the resultant coagulopathy induced by the
requirement of full heparinization and the compro-
mise of clotting mechanisms by hypothermia.
Partial bypass has also been advocated as a mech-
anism by which distal cord perfusion may be main-
tained and the spinal cord cooled.4 Unfortunately,
this technique also carries its own associated compli-
cations. Cannulation of diseased vessels may lead to
distal embolic events, and although the hypothermic
complications associated with partial bypass and
maintenance of intrinsic cardiac rhythm may not be
as significant as those associated with total bypass,
they are not negligible. Furthermore, although dis-
tal perfusion does provide increased perfusion pres-
sure to portions of the spinal cord that receive their
blood supply from vessels distal to the aortic cross-
clamp, regions of the cord that are dependent on
vessels that originate between the proximal and dis-
tal clamps remain ischemic.
A third technique, infusion of cold perfusate into
an isolated aortic segment, has been shown to be ben-
eficial in animal models.5,17,18 This technique has the
added benefit of inducing only local hypothermia,
thereby avoiding the recognized problems associated
with whole body cooling. Unfortunately, this method
of spinal cord cooling requires an interval during
which the aorta is clamped, but repair of the
aneurysm would be delayed to allow adequate time
for infusion. Although this approach to spinal cord
cooling has not been reported in clinical studies, it is
unlikely that this delay in the conduction of operative
repair would be entirely benign. Also, by definition,
the isolated segment of aorta that would be cannulat-
ed for perfusion before resection is diseased. With the
placement of two clamps and then the insertion of an
infusion catheter, the risk of creating atheroemboli
would seem to be high.
Finally, perfusion of paraspinal spaces has been
demonstrated to provide spinal cord protection.6-9
This technique may require both inflow and outflow
access to the intrathecal space and may be dependent
on significant flow rates. Although this has been
shown to be protective in experimental models and
in one clinical series, increased intraspinal pressure
has been implicated as a mechanism of spinal cord
injury.19 Increased intraspinal pressure causes spinal
cord injury by narrowing the gradient between
mean arterial pressure in the cord and the ambient
pressure, resulting in further diminution of spinal
cord perfusion. The two clinical reports of this tech-
nique describe a three-fold increase in cerebrospinal
fluid pressure during initial cooling (before cross-
clamping) and a near doubling of cerebrospinal fluid
pressure while the aorta was clamped. In those series,
increased cerebrospinal fluid pressure did not corre-
late with poor outcomes, and the authors postulated
that the neuroprotective effects of hypothermia out-
weighed the potential harmful effects of increased
cerebrospinal fluid pressure.8 Nevertheless, this con-
cern, combined with the additional risk of complica-
tions associated with accessing the spinal cord, seems
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Fig 3.  Anterior-posterior view of the chest.
Fig 4. Photograph of the postmortem floor of the spinal
canal demonstrating the “wavy” epidural veins (anterior
longitudinal sinuses).
to have limited the interest in the clinical use of this
technique beyond the reporting center.
A review of these studies demonstrates that all
consistently effective modalities for protecting the
spinal cord have cord cooling as a shared attribute.
Although the degree of cord cooling induced is vari-
able, it has been shown that only mild hypothermia
is necessary to induce marked protective effects.20
However, no innocuous and rapid means to induce
even mild, isolated cord cooling currently exists.
We hypothesized that retrograde venous perfu-
sion-cooling of the spinal cord with a cold, adeno-
sine-enhanced saline solution would effectively cool
the cord and protect it from injury during periods of
surgically induced ischemia. In an earlier report with
a small animal model, we demonstrated that animals
that were retrograde-perfused with saline, cold
saline, or cold saline with adenosine demonstrated a
graded response, with animals in the cold saline and
adenosine group having the best outcomes.10 This
progression is likely the result of the sequential addi-
tion of protective measures, beginning with washout
of harmful blood-based elements, such as platelets
and neutrophils, with saline only. The cold saline
group derived these same benefits and also obtained
the neuroprotective benefit afforded by the use of a
hypothermic solution. The cold saline plus adeno-
sine group also obtained the beneficial effects of
washout and cooling, and these effects were ampli-
fied by the addition of adenosine, a vasodilator and
neuroprotective agent. On the basis of those results,
we chose to compare only cold saline plus adenosine
to control subjects in this large animal model
because of costs and animal welfare.
We chose to use the accessory hemiazygous vein
for access, because it is easily identified within the
left chest and directly drains the intervertebral veins
through the intercostal veins. Valves have not been
identified as being present in these vessels, although
the veins that directly drain the cord do follow a
zigzag course and undergo a caliber change at the
level of the dura.21
In this experiment, swine receiving cold saline
plus adenosine had a mean Tarlov score of 4.9 ± 0.1.
This corresponds to a virtually normal gait. The con-
trol group demonstrated the validity of our model:
the animals in the control group had a mean Tarlov
score of 1.7 ± 0.6 (P < .01). Although this repre-
sents the ability to stand with assistance, these ani-
mals could neither stand alone nor ambulate. This
degree of spinal cord protection was obtained with
ease. The identification, division, and cannulation of
the accessory hemiazygous vein required less than 2
minutes. The cold infusate, consisting of normal
saline with adenosine (0.74 mg/mL), was delivered
by means of a typical bedside infusion pump
through standard intravenous tubing. The apparatus
did not obstruct access to the proximal aorta.
Our choice of adenosine as the infused drug was
based both on previous studies from our laboratory
and its known pharmacological properties.5,22
Adenosine has been shown to have specific neuro-
protective effects, to prevent platelet adherence, to
prevent of accumulation of white cells, and has been
used in a variety of solutions for cold organ preser-
vation in the setting of transplantation.23,24
Probably most significantly, adenosine is a potent
vasodilator.25 This property likely contributed the
most to our results, because the vasodilation
induced by the adenosine allowed the cold saline to
more adequately perfuse the ischemic spinal cord.
In an earlier study from our institution, adeno-
sine in cold saline was administered retrograde in a
rabbit model of spinal cord ischemia at a concentra-
tion of 0.74 mg/mL.10 The same concentration of
adenosine was used in this swine model. We deliv-
ered the infusate at a rate of 16.65 mL/min, which
was standardized and used in all animals. This result-
ed in a total dose of adenosine of approximately 370
mg, which would correspond to a dose of 1.079 g in
a human patient who weighed 70 kg. A 6-mg dose
of adenosine is used clinically to briefly arrest con-
duction through the arteriovenous node in patients.
Although this has the benefit of correcting some
arrhythmias, it also may result in the transient cessa-
tion of ventricular contraction, and because adeno-
sine is a potent vasodilator, it may also result in pro-
found hypotension. Despite these recognized effects
of adenosine, neither significant hypotension nor
complete heart blockage was seen in our experimen-
tal group. This may have been caused by the slow
washout of adenosine from the ill-perfused spinal
cord and distal circulation combined with the short
half-life of adenosine in the circulation (1 to 6 sec-
onds). Fig 1 is a graphic representation of the mean
systolic blood pressures of the animals in the two
groups. Although the animals in the experimental
group had lower mean systolic pressures than the
control animals during the crossclamp interval, at
both the beginning and 5 minutes after the end of
the experiment, no significant differences existed
between the mean systolic blood pressures of the
two groups.
We demonstrated that these results were not
caused by inadvertent whole animal cooling. Rectal
temperatures were measured at the end of the
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ischemic interval in all animals in each group. No
significant differences existed between the control
and experimental groups’ starting or ending temper-
atures, or in the decrease in rectal temperature (con-
trol, 0.79 ± 0.31°C vs experimental, 0.93 ± 0.23°C;
P = .418).
Additional groups were examined to verify cord
cooling. Two separate groups of three animals were
studied. These animals underwent preparation and
procedures that were identical to the two survival
groups. Unlike the other animals, swine in these two
groups had temperature probes placed into the sub-
dural space at the lower thoracic level. The data from
these groups clearly demonstrated that our interven-
tion was effective in cooling the spinal fluid, because
the mean temperature decrease in the experimental
animals was 4.05 ± 0.6°C, and the decrease in the
control animals was 0.58 ± 0.12°C (P < .01). These
animals were not allowed to survive for 24-hour
assessment, because the introduction of the temper-
ature probe into the subdural space was a variable
not present in the two groups of swine that were
evaluated at 24 hours.
Cerebrospinal fluid pressure changes were
assessed in two separate groups of two animals.
These data are presented in the Table. Although
pressures did increase 86% in the experimental ani-
mals, this did not correlate with neurologic injury.
Although increased cerebrospinal fluid pressure has
been implicated as a possible mechanism for spinal
cord injury, it did not correlate with poor outcomes
in this study. This correlates with the clinical reports
described earlier.8,9 The observed rise in cere-
brospinal fluid pressure could potentially be attenu-
ated by drainage, which was not performed in this
experiment. This represents an area for further
inquiry in the use of this technique.
The validity of our assumption that solutions
infused into vessels that drain the spinal cord will
reach the cord in the absence of significant arterial
inflow was confirmed by means of the radiographs
obtained. Solutions infused into the accessory hemi-
azygous vein will pass through the intercostal veins
and into the intervertebral veins and then into the
paravertebral venous plexi, reaching the spinal cord.
This is a technique that could easily be used in
patients. Figs 2 and 3 clearly demonstrate perfusion
of the epidural veins (anterior longitudinal sinuses)
that lie within the spinal canal. No evidence exists to
suggest the presence of valves in any of these vessels.
Clearly, more work is needed in this model to
further define ideal flow rates for the infusate, the
volume of infusate to be delivered, the ideal dose of
adenosine, or even whether adenosine is the best
agent. Nevertheless, these data demonstrate that ret-
rograde venous perfusion-cooling of the spinal cord
with hypothermic saline and adenosine is a safe and
effective technique for protecting the spinal cord
during periods of surgically induced ischemia in this
animal model. It may be superior to other modalities
that have been used previously, because this tech-
nique does not require access to the paraspinal
spaces, induce systemic hypothermia, or require per-
fusion through diseased vessels. Excellent spinal
cord protection against ischemia was obtained in our
experimental group, without evidence of any adverse
effects.
We thank Mr Anthony Herring for his invaluable tech-
nical assistance.
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